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(54) Apparatus for reading indicia from a remote 

(57) The present invention relates to an apparatus 
10) provided for reading indicia (12), such as a bar 
code, from a remote location. The apparatus (10) in- 
cludes a light source (16)forilluminatingthe indic.a(12), 
preferably with infrared illumination. The indicia (12) is 
incorporated in a reflective medium, disposed remotely 
from the light source(16), which reflects the illumination 
provided by the light source (16). The apparatus (10) 
includes a light sensing device (26) also disposed re- 
motely from the reflective medium (1 4). The light sens- 
ing device (26) receives the reflected image of the indi- 
cia (12) and generates an indicia image signal based 
thereon. An indicia processing system (38,40,42)re- 
ceives and operates on the indicia image signal to ex- 


location 

tract indicia information therefrom . The light source (1 6) 
and the light sensing device (26) may be located up to 
75 feet (22 86m) or more away from the ref lective me- 
dium, and the reflective medium may be moving at 
speeds of up to 85 miles per hour (37.995m/s) or more 
relative to the light source (1 6) and the light sensing de- 
vice (26) To prevent blurring of the reflected indicia im- 
age the infrared illumination is preferably provided in 
pulses, and the light sensing device (26) is shuttered in 
synchronism with the pulses. The indicia (12) and re- 
flective medium (14) maybe attached to a motorvehicle, 
a trailer portion of a tractor/trailer rig, a railroad box car 
or container, or any other type of vehicle, package, or 
cargo container. 
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source, which reflects the illumination provided by the 

Description )jght source Tne portions of the illumination reflected 

iu. ^i^fr-H *rs from the indicia comprise a reflected indicia image. The 

[00011 The present invention is generally drortjd to ^S^Sdee a light sensing devtee which is also 

anapparatusforreadingindidafromar^elocahon, ^^^^^ t ^ nM T tmV i t 

e .g. indicia on a vehicle, contain o^ackage. ^device receives the reflected indicia image and 
More particularly, the mvention .s directed to e i system ^"^es an indicia image signal based thereon. An in- 
fer reading bar codes " S^SSS system'receives and operates on the 
or packages from a remote location. indici a imaa e sianal to extract indicia information there- 
[0 002] MoW^drtyu-ap^i-*^ reflective medium may be at- 
garage often pay for use of the garage on a monthly or J^motor vehicle, a trailer portion of a tractor/ 
yearly basis. To gain access to the garage these mo- tached t 0 a n»»r , w ^ 
torists are typical* .sued a key card ^h hey .nsert J*n* J- ^ ^ 
IntoacardrBadortoopcma^.T^IXM^su* W , re ^ ^bo^ents of the invention, the 
ateycard«,ui«lr«m<tonrtto^the^reP °™J our ^ P and tne light sensing device may be located 
down a window or open a door, and insert and retract » f{om ^ reflective 
the card. Such systems present unnecessanr -mped,- up » 78 eet ^ ^ ^ ^ 
ments to the motorist's access to the garage. UD , 0 85 miles per hour (37.995 m/s) or more 

payforuseoftheroadona^ nt blulg o, the reflected indicia image, the 

on a pay-per-use bass. In ™J^^^ infrared illumination is preferably provided in pulses, 

ttsxtttt^tt 

"-^"^^^^•SSHl; PoirTtstheinventionprovidesameansforread- 

ponder identify the motonst, and provide for b.ll.ng the P>008 ^ ^ or other suc H n indicia , 0 n a vehicle or 

m^^r™ W ^ W J:n5SS ^ineiatahighrateofspeed.Sincethe.ight 

to give the motonst access to the toll road. Typ.caHy, c a immediately adjacent the 

Srhistypical.passedontothemoto.stinthe ^«-«^X-l-^P- 

easy to implement, easy to "^-^J™ - Sminating'the reflective medium using a 
means for ^^^ H ^^2^- light source disposed remotery from the reflective medi- 
of moving containers or packages such as veh.cles en i g k j|, umi nation provided 
tering parking garages or toll roads, or conta,ners mov- ^ffj^a ^ L portions of the i.lumina- 
ing along a conveyor belt. m „ iH „o Hon reflected from the indicia comprising a reflected in- 
[00051 Thepresentinventioninafirstaspectprovides Son refl ^ M ™™ 1 " , sensina device disposed re- 
in ao aratusfor reading indicia from a remote .ocation, * d ™ ref ,ect- 
comprising: a light source for proving ill— on; a ™^*^^ at e™ indicia image signal 
reflective medium disposed remotely from the hght ™3„ 9 and pro L sing , ne indicia image signal 
source.thereflectivemediuminclud.ng.ndic.aoperable ^'^^ 

to reflect the illumination provided by the light source, a ™ 0 tne object lnC ludes as Indicia 

where portions of the illumination reflected ^f rorr , *e in- « numan eye. 

diciacom P riseareflectedindic ia; mage;al.ghtsensng aa , mages of the invention will be- 

device disposed remote* from the reflective med^ ^meLarem by reference to the detailed description 

thelightsensingdeviceoperabletore^^ethereflected ^3 re ^^ mentswhenconsi deredinconjunc- 

indiciaimageandoperabletogenerateanmd.cB.mage f J^^™^ are not to scale, wherein 

for receiving the indicia image signal and for operatng ^ t ffJ ouan0Ut „,„ severa | drawings as follows: 

on the indicia image signal to extract indicia informaton ments throughout the several g 

therefrom. p, n 1 i<s a functional block diagram of a system for 

in a reflective medium, disposed remotely from the light plate frames accoro g 
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iments of the invention. 


[0011] The bar code has long been the preferred 
means for encoding identifying information, such as on 
product packaging for purposes of inventory control. A 
major hurdle for adapting bar code technology to appli- 
cations other than inventory control has been the neces- 
sity for the bar code to be quite close to the bar code 
reading device (typically a laser) as the bar code is read. 
Depicted in Fig. 1 is a preferred embodiment of a system 
1 0 for remotely reading a bar code 1 2 , or any other type 
of indicia, from as far away as about 75 feet (22.86m) 
or more as the bar code 12 is moving at speeds of up 
to about 85 miles-per-hour (37. 995 m/s) or more relative 
to the rest of the system 10. Thus, the system 10 pro- 
vides means for remotely reading bar codes and other 
indicia attached to motor vehicles moving at highway 
speeds. 

[0012] Preferably, the bar code 12 is provided on a 
reflective medium 14, such as a retro-reflective tape 
manufactured by the 3M corporation. The term "retro- 
reflective" is used herein to refer to reflective media 
which provide high levels of reflectance along a direction 
back toward the source of illuminating radiation. Al- 
though in the preferred embodiment of the invention, the 
reflective medium 14is retro-reflective tape, it should be 
appreciated that other types of reflective surfaces could 
be used. Thus, the invention is not limited in scope to 
any particular type of reflector on which the bar code 12 
is provided. 

[001 3] The bar code 1 2 is illuminated by a light source 
16, which preferably includes an array 18 of light emit- 
ting diodes (LED's) driven by an LED driver circuit 20. 
In the preferred embodiment, the array 18 includes 40 
to 400 LED's, where the exact number is determined by 
the brightness of illumination required for a particular ap- 
plication. In the preferred embodiment, the LED's used 
in the array 1 8 are manufactured by Siemens under part 
number SFH4503. 

The LED's preferably have a continuous current rating 
of about 1 00 mA, but may be driven with pulses having 
ten times the continuous rating. 
[0014] Preferably, the LED's emit infrared radiation 
having a wavelength in the range of about 770 to 11 00 
nanometres, with a centre wavelength of approximately 
940 nm or 880 nm. A centre wavelength of greater than 
about 800 nm is preferred so that the illumination is not 
visible to the human eye. A centre wavelength of about 
940 nm is most preferred, because at that wavelength, 
sunlight is partially absorbed by water vapour in the at- 
mosphere. Thus, at about 940 nm, background interfer- 
ence due to sunlight has less detrimental effect on the 
operation of the system. One skilled in the art will ap- 
preciate that the actual operational wavelength may be 
selected based upon the particular application of the 
system, and that the invention is not limited by operation 
at any particular wavelength. 

[001 5] The LED driver circuit 20 provides the LED ar- 


ray 18 with high-energy pulses having current ampli- 
tudes of preferably about 1 000 mA. In the preferred em- 
bodiment, the driver circuit 20 provides pulses having 
pulse widths of about one millisecond at a pulse rate of 
5 about 50-60 pulses per second. The exact pulse rate is 
generally determined by the standard frequency of the 
source power in the country of use. For example, in the 
United Kingdom, the pulse rate may be 50 HZ, while in 
the United States, the pulse rate may be 60 HZ. 
10 [0016] The pulsed light energy from the LED array 18 
is directed along an illumination path 22 to the reflective 
medium 14. 

[001 7] With continued reference to Fig. 1 , the system 
10 further includes a light sensing device, such as a 
is camera 26. In the preferred embodiment, the camera 26 
is a video camera, such as the model number P356 
manufactured by Pearpoint, Inc., which incorporates a 
chargencoupled-device (CCD) sensor that is sensitive 
to infrared radiation at wavelengths up to 11 00 nm. The 
20 camera 26 is mechanically or electronically shuttered, 
but is most preferably electronically shuttered. In the 
preferred embodiment, when the shutter is activated 
(opened), the camera 26 sends a trigger pulse to the 
light source 16 over the line 30 to activate the light 
25 source 1 6 to generate a light pulse simultaneously with 
the opening of the shutter. Preferably, the width of the 
light pulse is substantially the same as the shutter open 
time. Coincident with the trigger pulse, the electronic 
shutter activates the CCD sensor of the camera 26 to 
30 receive light reflected from the reflective medium 1 4 and 
to generate an indicia image signal based thereon. The 
shutter activates the CCD sensor to receive light for a 
period of about 0.1 to 1 .0 mS, and most preferably for 
about 1.0 mS. Longer shutter times could be used if 
35 there is less relative motion between the reflective me- 
dium 14 and the camera 26. Thus, the shutter "open- 
period corresponds to the pulse width of the illuminating 
pulse from the light source 16, andthe timing of theshut- 
ter"open" period is in synchronism with the timing of the 
40 illuminating pulse. 

[001 8] As shown in Fig. 1 , the preferred embodiment 
of the invention includes an infrared band pass filter 28 
having a pass band substantially centred on the peak 
output wavelength of the LED array 18. The bandwidth 
45 of the filter 28 is sufficient to pass most of the energy of 
the reflected infrared pulse, while rejecting light of other 
wavelengths, such as from sunlight and vehicle head- 
lamps. 

[0019] As depicted in Fig. 1 , the beam of infrared en- 
so ergy from the light source 1 6 is reflected from the reflec- 
tive medium 1 4 to form a reflected image of the bar code 
12. The bar code image includes dark portions where 
little or no infrared energy is reflected towardthe camera 
26, and light portions where the infrared energy is re- 
55 fleeted back toward the camera 26 from the retro-reflec- 
tive material. This reflected image propagates toward 
the camera 26 along a reflected image path 24 which 
forms an angle 6 with the illumination path 22. In the 
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preferred embodiment of the invention, this angle e is 
no greater than about two degrees. Since the retro-re- 
flective material of the reflective medium 14 reflects 
most of the radiation from the light source 16 back to- 
ward the light source 1 6, it is desirable to keep the angle 
eassmall as possible. Thus, thecamera26 is preferably 
positioned as closely as possible to the light source 1 6. 
[0020] In the preferred embodiment, the light source 
1 6 and camera 26 are housed within a common protec- 
tive housing 32 to protect them from inclement weather. 
The housing 32 preferably includes an infrared trans- 
parent window 34 through which the light source 16 
transmits infrared illumination toward the reflective me- 
dium 14 and through which the camera 26 receives the 
reflected image. In an alternative embodiment of the in- 
vention, the window 34 also serves as an infrared band 
pass filter having properties similar to those of the filter 
28 described above. In this embodiment, the separate 
band pass filter 28 attached to the camera 26 is not nec- 
essary. 

[00211 The use of pulsed infrared illumination enhanc- 
es the operation of the system 1 0 in several ways. When 
illuminated with infrared radiation, a bar code construct- 
ed from retro-reflective materials provides a cnsp, high- 
contrast reflected image, regardless of the time of day 
or amount of ambient illumination. Further, because the 
infrared illumination can be pulsed at such a high level, 
and the retro-reflective material returns such a high per- 
centage of incident infrared light back toward the cam- 
era 26, a very fast shutter speed can be employed. This 
fast shutter speed virtually eliminates blurring of the re- 
flected bar code image as the bar code 12 moves in re- 
lation to the camera 26. Even at highway speeds of up 
to 85 mph (37.995 m/s), the bar code image received 
by the CCD sensor of the camera 26 is of sufficient qual- 
ity to recognize each distinct feature in the bar code 12. 
[0022] One skilled in the art will appreciate that by 
proper selection of the illumination power of the light 
source 1 6, the width of the illumination pulses, and the 
shutter open time, the system 1 0 may be made to oper- 
ate at distances of much larger than 75 feet (22.86m) 
and at relative speeds of much greater than 85 mph 
(37 995 m/s). The distances and speeds descnbed 
herein for a preferred embodiment are merely examples 
which are consistent with the application of the system 
10 in reading barcodes 12 on vehicles moving at typical 
highway speeds. Thus, it should be appreciated that the 
invention is not limited to any particular relative speed 
or separation distance between the camera 26 and the 
barcode 12. 

[0023] As depicted in Fig. 1 , the indicia image signal 
is provided from the camera 26 to an image acquisition 
board 38 through an interface cable 36. The image ac- 
quisition board 38, such as model number PCI-1411 
manufactured by National Instruments Corporation of 
Austin, Texas, or model number DT3153 manufactured 
by Data Translation, Inc. of Marlboro, Massachusetts, 
captures andformats the indicia imagesignal to be proc- 


essed by a digital processor 40. The processor 40, such 
as a Pentium III processor manufactured by Intel, pref- 
erably processes the indicia image signal as a bit- 
mapped image, although other image formats may be 
5 used, such as JPEG or GIF. 

[0024] The processor 40 extracts the bar code infor- 
mation from the indicia image signal based on process- 
ing instructions provided by a bar code reading software 
module 42. In the preferred embodiment, the module 42 
w operates on the bit-mapped image captured by the im- 
age acquisition board 38 to determine whether a bar 
code 1 2 is present in the image, and if so, to detect the 
individual bars in the image that comprise the bar code 
12 Preferably, the module 42 detects the bar code 12 
is within the indicia image by analysing the image for a 
combination of spatial and spectral features represent- 
ative of a bar code. The orientation of the barcode 12 is 
preferably determined by similar means, and the bar 
code image is then processed orthogonal to the bars to 
20 determine the coding. Since the bar code image is two- 
dimensional, it may be processed along many such lines 
orthogonal to the bars of the barcode 12. 
[0025] Fig. 2 depicts three different visible light imag- 
es 50 52 54 of three embodiments of a vehicle license 
25 plate '44 surrounded by a license plate cover or frame 
46 that includes a covert bar code 12. Attached to the 
lower portions of each of the frames 46 is the reflective 
medium 14 containing the barcode 12. In image 50, the 
frame 46 is constructed of a material, such as Perspex 
30 Black 962 manufactured by ICI Acrylics Ltd., which 
transmits infrared light, but which is opaque to visible 
light The reflective medium 14 depicted in image 50 is 
attached to the back side of the frame 46, such that the 
reflective medium 14 (shown in dashed outline) is not 
35 detected when thef rame 46 is viewed from the front side 
in visible light. However, as depicted in the infrared im- 
age 56, the reflective medium 14 and the bar code 12 
are detected when the front side of the frame 46 is illu- 
minated by infrared light from the light source 16 and 
40 viewed by the camera 26. In this embodiment, the infra- 
red illumination passes through the frame 46, is reflect- 
ed from the reflective medium 14, passes again through 
the frame 46, and is detected by the camera 26. Since 
the frame 46 does not pass visible light, the bar code 1 2 
45 is not seen under visible light. This covertness thwarts 
those whomight otherwise counterfeit a visible bar code 
for use on a vehicle to gain unauthorized access to a 
parking facility or for use on a toll road. 
[0026] In another embodiment, as depicted in the vis- 
50 ible-light image 52 of Fig. 2, the reflective medium 14 
and bar code 1 2 are applied to the front side of the frame 
46 and are concealed by other graphic components 58, 
such as a phrase consisting of alphanumeric charac- 
ters The graphic components 58 which conceal the bar 
55 code 1 2 are transparent to infrared light, so that the re- 
flected infrared image detected by the camera 26 ap- 
pears as depicted in the image 56 of Fig. 2. In this em- 
bodiment, since the illumination need not pass through 
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the frame 46. it may be constructed from matenate that 
are nottransmissiveto infrared radiation, such as ;metal. 
ro0271 In afurther embodiment, as depicted in the vis- 
ble-light image 54 of Fig. 2, the reflective medium 14 
and bar code 12 are on the front side of the frame 46 
and are again concealed by other graphic components 
58 In this embodiment, the concealing graphic compo- 
nents 58, which are transparent to infrared light, com- 
prise a "decoy" bar code. This embodiment is used to 
SLrt bar code counterfeiters who will mistake the vis- 
ible decoy bar code for the actual bar code 12. Again 
the reflected infrared image detected by the camera 26 
aDDears as depicted in the image 56 of Fig. 2. 
ra028] Itwillbeappreciatedthatthereflectivemedium 
14 and barcode 12 of the embodiments depicted in im- 
aoes 52 and 54 could be incorporated as part of the li- 
cense plate 44 rather than as part of a separate hcense 
olate cover or frame 46. It will also be appreaated that 
'concealed reflective medium14andbarcode12couW 
be embedded in an infrared-transparent body panel of 
a vehicle or in the sun screen material which is typically 
applied to the upper portions of vehicle windsh.e ds . or 
Z window paneb. Thus, the scope of the invention ,s 
not lifted to any particular method for ap P .y.n bar 
code 1 2 or any particular location on the vehicle or con- 

nSl It is contemplated, and will be apparent to 
hose skilled in the art from the preceding descr.pt.on 
andLaccompanyingdraw^ 
or changes may be made in the embodiment or he in 
vention. Accordingly, it is expressly '"tended that the 
foregoing description and the accompanymg draw ngs 
are Ltrative of preferred embodiments onry not mrt^ 
ing thereto, and that the true spirit and scope of fte 
present invention be determined by reference to the ap- 
pended claims. 


Claims 


ing on the indicia image signal to extract indicia 
information therefrom. 

2 The apparatus of claim 1 wherein the indicia (16) 
s ' are invisible to a naked human eye and the hght 
source (16) provides illumination outside the hu- 
manly visible spectrum of light. 

3. The apparatus of claim 1 or claim 2 wherein the in- 
w d'icia (1 6) comprise a barcode. 


4 The apparatus as claimed in claims 1 and 3, where- 
' inthelightsource(16)providesinfraredillu m inat.on. 

is 5 The apparatus of any one of the preceding claims 
wherein the light source (16) provides infrared la- 
mination within a wavelength range of about 770 to 
1000 nanometres. 

20 6 The apparatus of any one of claims 1 to 5 wherein 
' the light source provides pulses of infrared illumina- 
tion. 

7 The apparatus of any one of claims 2 to 6 wherein 
25 ' thelightsource(16)provides m einfrared.llum.na- 
tion in a pulse having a pulse width ranging from 
about 0.1 to 1 .5 milliseconds. 


30 


35 


40 


1. An apparatus (10) for reading indicia from a remote 
location, comprising: 

a light source (16) for providing illumination; 
a reflective medium (14) disposed remotely 
f ro mthelightsource(16),thereflectivemediurn 

(14) including indicia (12) operable to reflect the 
illumination provided by the light source (16), 
where portions of the illumination reflected from 
the indicia (12) comprise a reflected indicia im- 

a^ght sensing device (26) disposed remotely 
from the reflective medium (14), the lighl [ sens- 
ing device (26) operable to receivethe reflected 
indicia image and to generate an indicia image 
signal based thereon; and 
an indicia processing system (3B, 40, 42)for re- 
ceiving the indicia image signal and for operat- 


8 The apparatus of claim 6 ordaim 7 wherein the light 
' sensing deice (26) is sensitive to the infrared illumi- 
nation provided by the light source (16) and is elec- 
tronically shuttered in synchronism with the pulse 
of infrared illumination provided by the light source 
(16). 

9 The apparatus of any one of claims 4 to 8 further 
' comprising an optical filter (28) disposed between 

the light sensing device (26) and the reflective me- 
dium (14), the optical filter (28) attenuating optical 
radiation outside of a desired range of infrared 
wavelengths. 

10 The apparatus of any one of claims 4 to 9 wherein 
the light source (16) comprises an array of infrared 

45 light emitting diodes (1 8). 

11 The apparatus of claim 10 wherein the light source 
' ( i6)fTrmercompriseadrivingcircuit(20)fordnv,ng 

me array of infrared light emitting diodes (18) with 
so current pulses having pulse amplitudes of about 
lOOOmilliamperes. 

12 The apparatus of any one of claims 4 to 9 wherein 
fte light source comprises an infrared laser light 

55 source. 

13 The apparatus of any one of claims 4 to 12 furttier 
comprising a cover (46) over the reflects medium 
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10 


15 


(141 which istransmissweto infrared light and non- 
ansJ Svt to vfeible light, such that the indKia 

ir are substantially undetectable to human 

eyesight. 

14 The apparatus of any one of claims 4 to 12 further 
LmpSgraphte components (58) over the re- 
Se medium (14) which are transm.ss.ve to £ 
rared light and non-transmissrve to vrtto light 

(14) beneath the graphic components (58) are sud 
stantially undetectable to human eyes.ght. 

15 The apparatus of claim 14 wherein the graphic com- 
15 - yZ£m —P- e alphanumericcharacters. 

16 TheapparatusofCaimHwhereinthegraphiccom- 
' ponents (58) comprise a decoy bar code. ^ 

vices. 25 

18 The apparatus of any one of the preceding claims 
wherein the reflective medium to disposed at least 
n5 mies away from the light source (1 6) and the 
light sensing device (26). 

19 The apparatus of any one of the preceding claims 

are disposed. 

?^a reflected image path (24), and where.n an 
fncluded angle between the illumination path (22) 
andte rSted image path (24) is no greater than 
about two degrees. 
21. The apparatus of any one of the preceding claims 
wherein: 

the light sensing device (26) g^ rate * th ? I"" 
diciaLgesignalasabit-mapped image of the 

indicia; and . 
the indicia processing system (38, 40, 42) re 
Svesabrt mapped image and operate.cn the 
trapped image to extract the ind.ca .nfor- 
mation therefrom. 55 

22 The apparatus of any one of the preceding claims 
where* the reflects medium (14) compnses a ret- 
ro-reflective material. 


23 The apparatus of any one of the P^'"^'™ 
wherein the light sensing device (26) .s operable to 
Tecevethe reflected indiciaimage and generatethe 

t«rW38 40 42) is operabMo operate on the indicia 

car or a cargo container. 


30 


35 


25. The apparatus as claimed in claim 1 wherein: 

the indicia comprise a bar code; 
the light source provides illumination from a 
fixed location; 

the retro-reflective medium is disposed on a ve- 
STcontainer which is moveab.e relative to 
the light source, the retro-reflective medium «v 
eluding the bar code, the illumination reflected 
from ! the bar code comprising a reflected bar 

"e1gSsingdev^ fe d te posedatthefixed 
ZaL and recervesthe reflectedbar code im- 
age and generates a bar code .mage signal 
based thereon; and 

the indicia processing system receives the ba 
code image signal and operates on the bar 
code image signal to extract bar code informa- 

moving relative to the light source and the light 
sensing device. 

26 useofacameraasalightsensingdeviceinheap- 
' paratus of any one of claims 1 to 26. 

27 A reflective medium including a bar code disposed 
«, 27 ' ^ vehicle and used as the reflecjve medium in 

the apparatus of any one of claims 1 to 23. 

28. Amethod of identifying an object, the method com- 

prising: 

affixing to the object a reflective medium (14) 
including indicia (12); 

illuminating the reflective medium ( 4) usmg a 
lightsource(16)disposedrer^ 
tlLtive medium (14), with 
flectina the illumination provided by the lignt 
s2(16) and with the portions of the Am* 
na^refl^edfmmtheindicia(12)compns.ng 

a reflected indicia image; 
using a light sensing device (26) deposed n> 

motely from the reflective medium (14) to re- 
Sve the reflected indicia image and to gener^ 
an indicia image signal based thereon; and 
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10 


15 


processing the indicia image signal to extract 
Indicia information therefrom; where.n. 

t he ref.ectivemedium(14)afflxedto*eob- 
ect inches as indicia (12) a barcode .n 
visible to a naked human eye. 

A method as claimed in 

being refused access. 

indicia, 
vehicle. 

cence plate information indrcia. 
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